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Abstract 
Reasonable parameters are the premise of correct analysis of dam. The method of mechanical parameter 
determination is studied based on seismic response of dam using back-analysis theory. Firstly, a displacement 
statistical model under seismic load response is built, and a modified objective function is deduced. Then, finite 
element model of a built dam and genetic algorithm based calculation program are developed. Finally, the mechanical 
parameters of the system are inversed, optimized and verified. The results show that the inversed parameters are 
reasonably accurate, and the inversion method based on seismic response of dam is reasonable and feasible, which 
may provide significant reference for analyzing the behavior of dam. 
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1. Introduction 
Dams can be seriously affected by earthquake. Therefore, the analysis of dam under seismic action is 
of great importance. Current researches mainly use known conditions of parameters of dam and 
foundation, and local seismic data to analyze seismic response of dam, the above method is positive 
analysis. Giusepptti[1] put forward a deterministic model with significant concept, and used it to 
determine elastic modulus and linear expansion coefficient of dam’s concrete;  Gu Chongshi et al. [2] 
used the in-situ observation data and the deterministic model and statistical model combined with finite 
element analysis results to determine elastic modulus of dam body and foundation. We proposed a 
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parameter inversion method based on seismic response of dam, and used a case to calculate actual 
displacement of key points based on supposed parameters. Then, back-analysis theory was used to obtain 
parameters whose values were close to that of the actual material parameters, which may provide a 
beneficial reference for the appropriate parameter selection, danger control and reinforcement design.     
2. Parameter inversion method  
2.1. Displacement statistical model  
Establish displacement expression for any point of the concrete dam under earthquake independently: 
                                                         EH                                                                                   (1) 
In which, E  is the dam's displacement component caused by seismic action, which includes the effect 
of hydrodynamic pressure and temperature change;   is the displacement component caused by time 
effect; H  is the displacement component caused by hydrostatic pressure. Since earthquake duration is 
short,   can be regarded as a constant, and the change of temperature is totally caused by the seismic 
action. Then E  can be carried out on the basis of the difference between the pre-seismic displacement 
and the maximum displacement during seismic action with other components counteracted mutually.  
2.2.  Taylor formula based objective function  
2.2.1. The form of objective function 
For the condition that other variables and boundary conditions are known, and there are only two 
variables rE  and cE , E  is the function of rE  and cE , and so is the objection functionY . Suppose that the 
initial values of rE  and cE are 0rE  and 0cE , respectively. The new form of objective function can be 
derived from its Taylor expansion at the initial value:   
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2.2.2. Solution of coefficients  
     The equilibrium equation of dam-foundation system is:    }{]][[ EE RK                                             (3)   
     In which,  E  is the vector of displacement components caused by seismic load for the integral 
joint；  ER  is the node load caused by seismic load; the integral stiffness matrix is: 
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     In which,  ek ,  ec is the element stiffness matrix and stiffness transfer matrix, respectively. 
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    In which, 1 , 2  represents dam body and foundation, respectively;  D  is the element elastic matrix, 
and   )(EfD  , in which )(f  is constant matrix;  B  is the element geometrical property matrix, and 
    e
T dBfBBf  )(),(  , in which  B and ),( Bf   are constant matrixes.  
   Applying Eq.(5) into Eq.(4), Eq.(4) can be rewritten as 
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applying Eq.(6) into Eq.(3), Eq.(3) can be rewritten as  
                                                       Ecrrcrc REEEBEEEA  ),(..),(..                             (7) 
 Getting partial derivative for cE  at ),( 00 cr EE in Eq.(7), 
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   According to Eq. (2), the expression of derivative value in different orders for F at ),( 00 cr EE can be 
deduced, and the first two order is listed as follows: 
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The concrete form of the modified objective function can be obtained by applying each partial 
derivative into Eq. (2). ),( 00 cr EEF  and its partial derivatives are only related to initial elastic modulus, not 
to other parameters. Positive analysis is required only once by using the objective function above. And in 
the following process, just pncc
n
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0 needs to be calculated. Therefore, the calculation 
efficiency is improved greatly. 
2.2.3. Modified objective function based Genetic Algorithm 
Genetic algorithm is a kind of iteration self-adaptive probability optimization search algorithm [3]. As 
for the modified objective function, the fitness function can be supposed as: YTR                             (13) 
   Since the fitness function must be positive, T  must be larger than objective function. And to be 
convenient, T  can be the maximum. Under this circumstance, Y only includes simple algebraic operation, 
and the new individual just requires simple operation to obtain its fitness without the operation of positive 
analysis. It has the advantage of easy calculation, less calculation amount and shorter calculation time.  
3. Engineering Case 
3.1. Project introduction 
  The height of the water retaining dam section of the concrete gravity dam in this example is 100m, 
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and the width of the dam crest is 10m. The upstream is up-right slope and the slope ratio of the 
downstream is 1:0.75. The width of the dam bottom is 70m. The upstream and downstream water level 
under the effect of earthquake is 90m and 25m, respectively. The concrete of dam body’s Poisson's ratio 
  is 0.167, and its density  is 2400kg/m3; the Poisson's ratio of the dam foundation rock is 0.3. The 
plane finite element model is established, with dam section being divided into 360 elements with 418 
nodes. Three points A, B, C are key points for displacement observation, respectively. Figure 1is the 
model. 
 
Figure 1.The sectional drawing of water retaining dam 
    In the calculation, the loads include self-weight, upstream water pressure, downstream water 
pressure, sediment pressure, lifting pressure, seismic load, and hydrodynamic pressure calculated by 
Westergaard formula [4]. The dynamic tensile strength and dynamic elastic modulus of dam body's 
concrete and foundation have been enhanced 30% compared with their static standard value [5]. We 
assumed that the dam and foundation is in elastic deformation stage under the effect of earthquake.  
3.2. Positive analysis 
  The displacement values of key points required in the back-analysis can be obtained according to 
positive analysis. Figure 2 is the earthquake input. Letting cE =18GPa, rE =22GPa. The displacement 
difference of each key point between the pre-seismic displacement and the maximum displacement during 
seismic action can be used as actual displacement difference E  in the back-analysis.  
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Figure 2. The acceleration time history of artificial horizontal seismic wave（a）and vertical seismic wave（b） 
Table 1. The difference of key point’s displacements E （downstream or vertical direction is positive direction） 
  Displacement/mm    Key point A   Key point B   Key point C 
  Horizontal     10.019    3.441     3.798 
  Vertical     3.943    1.941     2.581 
3.3. Parameter inversion 
  In the objective function, n is defined as 2, and Y is defined as 10000. The expression for individual 
433Weiqiang WANG et al. / Procedia Engineering 28 (2012) 429 – 433 Weiqiang Wang / Procedia Engineering 00 (2011) 000–000 5 
fitness can be written as: 
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   It is recognized that the elastic modulus of dam body’s concrete is from 14 to 26GPa, and the 
deformation modulus of the foundation rock is from 18 to 30GPa. The initial value 0rE  is 15GPa, and the 
initial value 0cE is 24GPa. The control parameters in the real coding genetic algorithm can be established 
as below: population size is 30, crossover probability is 0.80, mutation probability is 0.1, the number of 
evolutionary generations is 200, and the non-uniformity parameter is 1.2. When the computation accuracy 
meets the requirement, the dam body elastic modulus cE  derived from inversion is 17.97GPa, and the 
foundation deformation modulus rE is 22.13GPa. The number of evolutionary generations is 174, and it 
costs only 7 hours. It can be seen clearly that the inversed mechanical parameters by modified method is 
very close to actual parameters, and it is feasible to inverse system elastic modulus through this method. 
The elastic modulus calculated by this method is numerically simulated, and the stress and strain of the 
dam body under different loads can be calculated accurately. All of the above will be beneficial to dam 
safety assessment. Simultaneously, using the traditional objective function based genetic algorithm to 
calculate, the dam body elastic modulus cE is 17.92GPa, and the foundation deformation modulus rE  is 
22.08GPa. The values obtained by traditional method are close to the actual values and the values derived 
from modified method, but the computation time is 74 hours, which is 67 hours longer than that of 
modified method. It can be concluded that the modified objective function plays a great role in reducing 
the calculation time, and the accuracy can also be guaranteed. 
4. Conclusion 
In this article, the displacement statistical model considering earthquake independently is established, 
and the displacement components caused by seismic action can be derived from the actual measured 
displacements before or during seismic action; Taylor formula based objective function is proposed, and 
optimum inversion of parameters is conducted combined with genetic algorithm. Based on dam seismic 
response, the inversed parameters through modified method are very close to the actual parameters. This 
method can also shorten computation time, and enhance computing efficiency, which demonstrates the 
modified method is feasible.    
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